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Abstract. The most important characteristics of IR versus Raman spectroscopy, their uses, 
according to   recent literature data, are reviewed here. These advanced analytical methods are non-
destructive and versatile, useful to identify plant biomarkers (metabolomics) and for agrifood quality 
and authenticity assessment.To give some relevant examples, we present here recent experimental data 
for edible oils and fruit juices FTIR fingerprints, trying to identify directly the relevant IR markers of 
their authenticity. Raman spectroscopy is needed to follow as complementary measurement.  Both 
these methods are useful to fingerprint non-destructively different samples (powders, extracts, 
emulsions) without any preliminary processing, there are rapid and cheaper than chromatography. As 
complementary tools, IR and Raman spectroscopy can give added-value information on all types of 
molecules found in plants and food. The sine-qua-non condition to make appropriate interpretations of 
FTIR-Raman fingerprint markers is a good chemometric analysis (processing of raw spectra by first 
and second derivatives, PLS comparisons with validated methods, such as GC and HPLC). 
 
Keywords. Vibrational spectroscopy, IR-InfraRed, Raman, food authenticity, oils and juices, 
chemometry. 
 
INTRODUCTION 
 
Infrared spectroscopy (IR spectroscopy) is a type of spectroscopy that use the 
infrared region of the electromagnetic spectrum (Fig.1.A.) to irradiate samples in order to 
obtain information about their structure.  It covers a range of techniques, the most common 
being the absorption spectroscopy. The Infrared absorption spectra are resulted from the 
excitation of transitions between the vibrational and rotational energy levels of molecules. 
These energies are much lower than electronic transitions. The energies associated with the 
vibrational mode are found between 4000 - 650 cm-1 while rotational energies are generally 
much smaller (below 300 cm-1). The typical spectral regions for IR spectroscopy are: Near-IR 
(NIR) corresponding to excitation overtones or harmonics of fundamental vibrations (multiple 
level transition) and mid-IR (MIR) – excitation of fundamental vibrations (single level 
transition). This region is the most widely used, because it generates spectral fingerprints in 
which most of organic molecules are IR active. The Far-IR (FIR) excites low-energy 
vibrations and higher energy rotations, a difficult spectral region for IR spectroscopy, has few 
analytical uses., mostly is used in industry for quality control. According to the specific 
chemical bond energies, IR spectra can inform about the polar bonds ( C-O, C=O, N-H, C=N, 
etc) (Fig.1.B.) and the functional groups  found in certain molecules ( carboxyl, hydroxyl, 
carbonil, amino, etc.). Fourier-Transformed IR spectroscopy (FTIR) is a new implemented 
technique which bring more accurate informations and confers the possibility to identify and 
even quantify different molecules in a product, without preliminary separation. 
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Fig.1. A. The electromagnetic spectrum showing the IR region and its division in near, mid- and far-IR. The 
specific energies and wavelengths are also mentioned, for the corresponding electronic/molecular transitions. B. 
Specific wavenumbers to different chemical bonds and functional groups in biomolecules 
 
 The Raman effect occurs when light photons impinges upon a molecule and interacts 
with the electron cloud of the molecule bonds. The molecule excites into a virtual energy state 
and relax into a vibrational state, which generates Stokes Raman scattering. If the molecule 
was already in an elevated vibrational energy state, the Raman scattering is then called anti-
Stokes Raman scattering (Fig.2, left). Generally, the anti-Stokes lines are used due to a 
stronger signal. 
 To exhibit the Raman Effect, a change in the molecular polarization potential, or 
electron cloud deformation, is needed, with respect to the vibrational coordinate. The amount 
of the polarizability change determines the Raman scattering intensity (not 
transmission/reflection) whereas the Raman shift is equal to the vibrational level that is 
involved. Raman spectroscopy is good for fingerprinting and probing molecular symmetry. 
To analyse samples, no need for sample preparation, ca be gas, liquid, or solid. To pick the 
needed excitation energy, a laser line of 785 nm or 514 nm is needed. In the first case, the 
Raman signal is lower, but fluorescence is less probable, while in the second case, stronger 
Raman signal is observed, accompanied by resonance and fluorescence. Recently, NIR-
excited FTIR Raman spectroscopy was used to fingerprint plant secondary metabolites. When 
combined with microscopy, the microspectroscopy NIR-FTIR-Raman can give concomitant 
information about the distribution of certain molecules in a tissue and also their identification 
according to specific wavenumbers ( Schrader et al., 2000; Baranska, 2004; Schultz, 2008) 
(Fig.2, right). 
To conclude, IR and Raman are the most common vibrational spectroscopies for 
assessing molecular motion and fingerprinting species, based on inelastic scattering of a 
monochromatic excitation source using energy range from 200 - 4000 cm–1 (Lin-Vin, 1991). 
Generally the polar molecules absorbing actively in IR are not scattering-active, after laser 
light excitation (Raman), this last effect being more common for unpolar, but polarisable, 
molecules. Both methods are useful to fingerprint different samples (powders, extracts, 
emulsions, gels) non-destructively, without any preliminary processing, there are rapid and 
cheaper than chromatography. The sine-qua-non condition to make appropriate interpretations 
of fingerprint markers is a good chemometric analysis (processing of raw spectra by first and 
second derivatives, PLS comparisons with validated methods). Being complementary, IR and 
Raman spectroscopy can give added-value information on all types of molecules found in 
plants and food. 
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Fig. 2. Left: Comparative excitation energies involved in IR, Raman, UVVis and fluorescence Spectroscopy:  
Absorption, Scattering and Fluorescence. Right: Image of a Chamomile (A) the NIT-FT-Raman spectra of the X-
marked region (B) and the microscopic images (C and D) corresponding to the distribution of biomarkers ( 
carotenoids at 1525 cm-1 and terpenoids (1004 and 1156 cm-1)  
in the tissue (Schultz, 2003) 
 
These characteristics makes IR combined or not with Raman spectroscopy a good 
analytical tool for metabolomics (Lindon, 2007), including plant metabolomics (Sumner, 
2003; Allwood, 2008; Socaciu 2008c), food quality and authenticity studies (Schultz, 2003; 
Socaciu, 2006; Socaciu, 2008a,b; Socaciu, 2009), but also a good tool for nutrition (Hall, 
2008) and diagnosis for medical applications (Ellis and Goodacre, 2006). 
 
MATERIALS AND METHODS 
 
We investigated edible oils and fruit juices. Two fresh seed oils, obtained by 
traditional cold-pressed technology or refined (sunflower and olive oils) originating from 
Romania and Italy and two types of fruit juices (orange and apple) provided from different 
producers were analyzed.  All samples were submitted successively to complementary 
measurements (UV-Vis and FTIR spectrometry, GC-MS and GC-FID chromatography) 
(Socaciu, 2008a,b). We report here the IR measurements made comparatively to identify the 
specific biomarkers which fingerprint these oils and juices.  
The instrumentation used was a FTIR Shimatsu Prestige spectrometer, with a ZnSe 
devise for attenuated reflectance (ATR) measurements in the MIR region ( 600-4000 cm-1). 
 
RESULTS AND DISCUSSION 
 
Fig. 3 represents the comparative FTIR spectra of sunflower seed oil (above, left-raw, 
right-refined) and olive oil (below, left-extravirgin, right-refined). We identified 7 specific 
peaks, the interval 650-1750 cm-1 (peaks 2a,b,c, 3 and 4) representing the most representative 
fingerprint region. The assignements of peaks which are generally identified in FT (ATR) 
MIR spectra are included in Table 1. Out of these assignements, for oils, these peaks 
correspond to specific fatty acid chains, glycerol moiety, esters. The direct spectra cannot 
discriminate the differences between raw, virgin and refined oils. There are needed spectra 
processing and correlations with GC data in order to find markers for discrimination. 
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Fig.3. Comparative FTIR spectra of sunflower seed oil (above, left-raw, right-refined)  
and olive oil ( bellow, left-extravirgin, right-refined). 
Tab. 1 
Assignments of peaks identified in FT (ATR) MIR spectra 
 
Signal frequency  
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Assignments Signal frequency  
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Fig. 4 represents the comparative FTIR spectra of orange juices (above, left-Santal 
without added sugar, right-Prigat, with added sugar) and apple juice (below, left-Pfanner 
without added sugar, right-Sun gold, with added sugar). A solution of sucrose 25% was used 
as positive control. Here we identified 12 peaks, the fingerprint region being located between 
750-1750 cm-1 (peaks 1-10). We were able to discriminate differences between orange and 
apple juices (peaks 5-6, 9-10) as well comparatively with sugar control. We certify that in 
“non-sugar added “ samples the IR spectra is more intense that control, while in “sugar 
added“ samples,  the sample IR spectra are equal (for Prigat) or below (Gold Sun) the control.  
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Fig. 4. Comparative FTIR spectra of orange juices (above, left-Santal without added sugar, right-Prigat, with 
added sugar) and apple juice (below, left-Pfanner without added sugar, right-Sun gold, with added sugar). A 
solution of sucrose 25% was used as positive control. 
 
According to peak assignements (Tab. 1), the most relevant region for juices 
correspond to glucose and sugar (peaks 5-6, around 1035 cm-1) as well peaks 7-10 (1300-1750 
cm-1 ( specific for aminoacids, peptides and proteins). Better discriminations were possible in 
juice samples than in oils, considering the direct FTIR spectra. Supplementary processing of 
these spectra and validations with HPLC are necessary to establish better the authenticity 
markers. 
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CONCLUSION 
 
According to our experimental data, FTIR spectroscopy proved to be a simple, 
versatile and sensitive analytical technique to investigate non-destructively the quality and 
authenticity of oils and juices, which are sensitive for adulteration. It offers fast data 
acquisition, is simple to operate and cheaper comparing with chromatograăphic analysis, but 
needs careful chemometric analysis and validation. Further Raman spectroscopy will be 
necessary to identify other markers in these samples (e.g. carotenoids, sterols, alkaloids, 
polyacetylenes, fatty acids, amino acids, terpenoids). 
Applying concomitantly FT-IR or FT Raman micro-spectroscopy may identify  the 
distribution of certain plant constituents  (especially secondary metabolites which give their 
functionality and health promoting properties) in food without the need for any physical 
separation.  
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